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Early PFAS exposure linked to childhood gut
Inflammation
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Childhood intestinal inflammation, encompassing conditions like inflammatory bowel disease (IBD), presents
asignificant diagnostic and management challenge for paediatricians and gastroenterologists. The aetiology is
complex, involving genetic predispositions, immune dysregulation, and environmental factors. Understanding
these environmental triggersis critical for prevention and early intervention.

The Pivot: Environmental contaminants, specifically PFAS, are emerging as potential contributors to
childhood intestinal inflammation.

The Data: General population studies indicate a correlation between higher early life PFAS levels and
increased markers of intestinal inflammation.

The Action: Clinicians should consider environmental exposures as part of a comprehensive assessment
for children presenting with unexplained or persistent intestinal inflammatory symptoms.

The prevalence of inflammatory bowel diseases and other forms of intestinal inflammation in children has steadily risen
over recent decades. While genetic susceptibility plays arole, the rapid increase points to environmental factors as
significant drivers. Per- and polyfluoroalkyl substances (PFAS), often termed 'forever chemicals dueto their persistence
in the environment and human body, have garnered attention for their widespread presence and potential health impacts.
These synthetic compounds are found in numerous consumer products, from non-stick cookware to water-resistant
fabrics, leading to ubiquitous human exposure.

Exposure to PFAS typically begins prenatally and continues throughout early childhood, primarily through diet,
drinking water, and consumer products. The devel oping immune system in early lifeis particularly vulnerable

to environmental insults, and disruption during critical windows can have long-lasting consequences. I ntestinal
inflammation, characterised by an aberrant immune response in the gut, can manifest as chronic abdominal pain,
diarrhoea, weight loss, and growth faltering in children, often requiring extensive diagnostic workups and long-term
management.

The Ubiquitous Presence of PFAS

PFAS are alarge group of chemicals used since the 1940s in various industrial and consumer applications. Their unique
properties, including water and oil repellency, make them ideal for products like food packaging, stain-resistant carpets,
and firefighting foams. But their chemical stability means they do not degrade easily in the environment or in the
human body, leading to bioaccumul ation. Humans are exposed through contaminated drinking water, consumption of
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contaminated food, and inhalation of dust from products containing PFAS. The long half-lives of these chemicalsin the
human body, ranging from years to decades for some compounds, mean that once absorbed, they persist.

Early life exposureis particularly concerning. Transplacental transfer and breastfeeding are significant routes of
exposure for infants. Children also have higher exposure rates rel ative to their body weight compared to adults, due to
hand-to-mouth behavioursand greater consumption of certain foodsand water. Thisearly exposure coincideswith critical
periods of immune system development, potentially altering gut microbiota composition and immune programming,
which are fundamental to intestinal health. The gut microbiome is a complex ecosystem, and its disruption in early life
isincreasingly implicated in various chronic diseases.

M echanisms of | nflammation
The precise mechanisms by which PFAS contribute to intestinal inflammation are still under investigation, but

several pathways are hypothesised. PFAS can modulate immune responses, potentially shifting the balance towards
pro-inflammatory states. They have been shown to affect cytokine production, alter T-cell differentiation, and disrupt
gut barrier function. A compromised intestinal barrier, often referred to as'leaky gut," allows bacterial products and other
antigens to translocate from the gut lumen into the systemic circulation, triggering chronic inflammation. This barrier
dysfunction is a hallmark of many inflammatory gut conditions.

But PFAS aso interfere with metabolic pathways. They are known peroxisome proliferator-activated receptor (PPAR)
agonists, which play arolein lipid metabolism and inflammation. Dysregulation of these pathways can contribute to
systemic inflammation and metabolic disturbances, which in turn can exacerbate intestinal issues. The relationship
between environmental toxins, genetic susceptibility, and the developing immune system creates a complex web of
interactions that can predispose children to chronic inflammatory conditions. For a deeper dive into the complexities of
gut health, the Oxford Handbook of Gastroenterology & Hepatology offers a comprehensive overview.

Clinical Manifestationsin Childhood
In children, intestinal inflammation can present with a spectrum of symptoms that often overlap with other common

paediatric conditions, making diagnosis challenging. Chronic abdominal pain, persistent diarrhoea, blood in stool,
unexplained weight loss, and failure to thrive are red flags. These symptoms can be insidious, progressing slowly and
leading to significant delaysin diagnosis. Early recognition isimportant for preventing irreversible damage, as prolonged
inflammation can lead to strictures, fistulas, and an increased risk of colorectal cancer later in life. The diagnostic process
typically involves acombination of clinical assessment, laboratory tests (e.g., faecal calprotectin, CRP), imaging studies,
and endoscopy with biopsies.

The impact of PFAS exposure on these clinical outcomesis not always direct or immediately obvious. Instead, it is
likely a contributing factor that lowers the threshold for developing inflammation in genetically susceptible individuals
or exacerbates existing subclinical inflammation. This makes it difficult to isolate the effect of PFAS from other
environmental and genetic influences. Still, the pervasive nature of PFA S exposure means that even asmall contribution
to disease risk could have significant public health implications, given the large number of exposed individuals.

The Broader Environmental Context
PFAS are not the only environmental contaminants linked to health issues, but their persistence and widespread presence

make them particularly problematic. Other factors, such as diet, antibiotic use, and exposure to other pollutants, also
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influence gut health. The Western diet, characterised by high intake of processed foods, sugar, and unhealthy fats, is
known to promote dysbiosis and inflammation. Early life antibiotic exposure has been shown to disrupt the developing
gut microbiome, increasing the risk of IBD and other immune-mediated diseases. Clinicians must consider the full
environmental picture when evaluating children with intestinal inflammation. Our previous coverage on oral rehydration
solutions highlights the importance of basic supportive care in managing acute gastrointestinal issues, but chronic
conditions demand a deeper look at underlying causes.

The challenge for public health and clinical practiceliesin mitigating exposure to these pervasive chemicals. Regulatory
efforts are underway in many regions to restrict the use and production of certain PFAS, but the legacy contamination
will persist for decades. For clinicians, this means being aware of potential environmental exposures when taking patient
histories, particularly in cases of unexplained or refractory intestinal inflammation. While direct causality ishard to prove
inindividua cases, the cumulative evidence points to a need for greater vigilance.

Whereit falls short
Theprimary limitation in understanding thefull impact of PFA S on childhood intestinal inflammationisthe observational

nature of most studies. Establishing a definitive causal link is challenging due to confounding factors, the complexity
of environmental exposures, and the long latency period between exposure and disease onset. Longitudinal studieswith
detailed exposure assessments from birth are needed to clarify the dose-response relationships and critical windows

of vulnerability. But such studies are expensive and logistically complex. The heterogeneity of PFAS compounds also
complicates research, as different chemicals within the class may have varying toxicological profiles and mechanisms
of action. The lack of standardised biomarkers for early intestinal inflammation makes it difficult to detect subclinical
disease or track progression accurately.

The current evidence, while correlational, provides a strong signal that PFAS are not benign actors in the devel oping
gut. Future research needs to focus on mechanistic studies to el ucidate the exact pathways of immune disruption and gut
barrier dysfunction. Identifying specific PFAS compoundsthat pose the greatest risk and understanding their interactions
with genetic predispositions will be important for developing targeted prevention strategies. Until then, clinicians must
remain aware of the potential role of environmental toxins in paediatric gastrointestinal health.

CLINICAL IMPLICATIONS

The growing body of evidence linking early life PFAS exposure to childhood intestinal inflammation adds
another layer of complexity to an already challenging clinical picture. For paediatric gastroenterologists, this
means expanding the differential diagnosis and patient history to include detailed environmental exposure
assessments, particularly in cases where traditional risk factors are absent or insufficient to explain the
disease. This highlights the need for a holistic approach to patient care, moving beyond genetics and diet
alone.

But the implications extend beyond individual patient management. Public health initiatives must prioritise
reducing PFAS exposure, especially for pregnant women and young children. This involves advocating for
stricter regulations on PFAS manufacturing and use, improving water quality, and educating the public on how
to minimise exposure in daily life. The long-term health burden of these ‘forever chemicals' is only beginning
to be understood, and proactive measures are essential.
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But the pharmaceutical industry, with this emerging understanding of environmental triggers, might open new
avenues for therapeutic development. Therapies that specifically target PFAS-induced immune dysregulation
or gut barrier dysfunction could represent a novel approach to managing chronic intestinal inflammation.
However, the focus should remain on prevention, as mitigating exposure is far more effective than treating the
downstream consequences.

This research highlights the interconnectedness of environmental health and human health. Clinicians are on
the front lines of observing these connections, and their vigilance in reporting unusual patterns or clusters
of disease can drive further research and policy changes. The dry reality is that environmental toxins are not
going away, and we must adapt our clinical practice accordingly.
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